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ABSTRACT
Music and Serious Games are separately useful alternative therapy methods for helping people
with a cognitive disorder, including Attention Deficit Hyperactivity Disorder (ADHD). The goal
of this thesis is to explore the effect of background music on children with and without ADHD. In
this study, a simple Tetris game is designed with Beethoven, Mozart music, and no-music. There
are different brainwave techniques for recording; among others, the electroencephalography
(EEG) allows for the most efficient use of BCI. We recorded the EEG brain signals of the regular
and ADHD subjects who played the Tetris we designed according to our protocol that consists of
three trials with three different background music. Attention related Alpha and Beta waves of EEG
signals analyzed based on time and time-frequency domain features. The changes in the data over
the 1-minute Tetris game sections are investigated with the Short-time Fourier Transform (STFT)
method. The results showed that music has a considerable impact on attention of children. When
it comes to music types, in general, Mozart music increases Beta waves while decreasing the Alpha
band waves for subjects without ADHD. On the other hand, Beethoven music increased both
Alpha and Beta band values for children with ADHD.

ii

TABLE OF CONTENTS
ABSTRACT..................................................................................................................... ii
CHAPTER 1. INTRODUCTION ...................................................................................... 1
CHAPTER 2. BACKGROUND ........................................................................................ 5
2.1. BCI ...................................................................................................... 5
2.2. Emotiv EPOC+ .................................................................................... 7
2.3. ADHD ................................................................................................. 8
2.4. Serious Games ................................................................................... 10
2.5. Background Music ............................................................................. 11
CHAPTER 3. PREVIOUS WORK .................................................................................. 13
CHAPTER 4. METHOD ................................................................................................ 19
4.1. Serious Game Design ......................................................................... 20
4.2. Background Music and Sound Effects. ................................................ 21
4.3. Data Acquisition................................................................................. 22
4.4. Signal Preprocessing........................................................................... 25
4.5. Feature Extraction .............................................................................. 27
CHAPTER 5. RESULTS AND DISCUSSION ................................................................ 37
5.1. Results ............................................................................................... 37
5.2. Discussion.......................................................................................... 74
CHAPTER 6. CONCLUSION AND FUTURE WORK ................................................... 78
APPENDIX A. IRB APPROVAL ................................................................................. 79
APPENDIX B. CHILD ASSENT FORM ....................................................................... 80
APPENDIX C. PARENTAL PERMISSION FORM ....................................................... 81
APPENDIX D. FLYER FOR PARTICIPANTS .............................................................. 83
REFERENCES ............................................................................................................... 84
VITA ............................................................................................................................. 93

iii

CHAPTER 1. INTRODUCTION
Brain cells communicate with each other through electrical impulses. From the late 19th
century, Electroencephalogram (EEG) has been used as a tool to track and record this electrical
activity in brain lobes while the brain performs a task [1]. Nowadays, measuring some cognitive
functions such as memory, attention, and perception by means of EEG is a common method for
research [2] because EEG data can reveal relevant information that can be used for various goals,
such as diagnosing different mental disorders and helping with treatments.
Attention deficit hyperactivity disorder (ADHD) is one of the most commonly diagnosed
mental disorders during childhood and can continue into adulthood. It has a prevalence in children
of about 3-5% across the world [3]. The National Survey of Children’s Health (NSCH) showed
that 9.4% of children, ranging from ages 2—17, were diagnosed with ADHD in the USA in 2016.
According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSMIV-TR) criteria, ADHD has three behavioral symptoms: inattention (inadequate attentional
performance), hyperactivity (motor restlessness), and impulsivity (acting without forethought).
Inattention can be detected from EEG signals by looking at certain frequency values. Similarly,
attention deficiency, one of the most important symptoms of ADHD, can be easily extracted from
the EEG data [2]. This allows scientists to design new alternative treatment methods in order to
improve attention performance during a task.
Despite there existing various definitions of Serious Games (SGs), their primary purpose is a
combination of education, training, and health improvement, in addition to being fun and
entertaining [4]. As Serious Games become widespread, their use in mental health treatment has
increased respectively [5]. Their ability to grab players’ attention and accessibility makes Serious
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Games a useful alternative therapy tool for helping people with a cognitive disorder, including
ADHD in children [6].
Music and Serious Games are separately used as alternative treatments for the aforementioned
problems [7], [8], [9], [10], [11]. Music is rhythm, rhythm is structure, and structure is relaxing to
children’s brains struggling to regulate themselves to stay focused. This is perhaps due to the
rhythmic nature of both music and brain waves. Jackson, 2003 [12] says “Considering the potential
impact of music on brain function, attention, activity level, social behavior, and learning, there
appears to be a good reason to support further investigation into the ways that music might be used
to effectively treat children with ADHD.” Similarly, in both the literature and in Serious Games
that exist in the market, studies have shown that these games have a positive impact on kids’
attention spans and cognitive skills.
Though both music and Serious Games are used as alternative treatment methods, to the best
of our knowledge, there is a gap in the literature and in the field when it comes to using both music
and Serious Games simultaneously as a means for therapy. The current study aims to address this
gap and identify whether the music will help children to keep their attention and focus remain
stable.
People with ADHD have difficulty maintaining attention and staying focused on tasks. Music
and Serious Games have been used to improve the conditions of those with ADHD, though not
together. In this study, we explore whether background music will have positive improvements for
maintaining attention span during both the game with music as well as the subsequent game
without music.
The purpose of this study is to investigate how background music affects the brain signal
patterns regarding attention in children with and without ADHD while playing a Serious Game.
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This study has 3 objectives:
1) To find out the effect of different music types on attention levels while playing a Serious
Game in children with and without ADHD.
2) To investigate which type of music (Beethoven or Mozart) is most effective for increasing
attention levels in each group.
3) Examining whether the game with music affects the attention level in the subsequent game
without music.
Therefore, the effects of music on attention will be examined with respect to different music
genres and the presence of ADHD.
The overall approach of the current study is demonstrated in Figure 1.1.

Game and
Protocol
Development

Data
Acquisition

Pre-processing

Feature Extraction

Feature
Analysis

Figure 1.1. Overall steps for this study
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The rest of this study is organized as follows: Section 2 provides an outline of the core aspects
of BCI-EEG, ADHD, Serious Games, and background music. In Section 3, several studies related
to ours are stated. The method section explains how we design the Tetris game with different types
of background music, data acquisition protocol to examine our specific aims, the characteristics of
participants, processes for data collection. In the preprocessing, how the raw data is prepared to
facilitate processing activities are discussed. The feature extraction enlightens which methods are
used for analyzing and processing the EEG data. We showed the findings of the experiment and
discussed them according to our three specific aims in section 5. The last section gives concluding
remarks and along with the scope of future works.
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CHAPTER 2. BACKGROUND
Several studies have been conducted in the literature about ADHD based on Brain-Computer
Interfaces (BCIs), neurofeedback, music, and Serious Games (SG).
2.1. BCI
Brain-Computer Interfaces is an interface that allows users to interact with computational
devices and the brain by decoding electrical signals of the brain [13], [14].
Although BCIs studies are common in the medical field such as in real-time monitoring,
treatments, and improving individuals’ cognitive ability [15], recently, they have been predicted
to become more popular for non-medical applications such as for computer games [16].
There are two main methods for recording electrical activity in the brain via brain computer
interface systems. Brain signals can be obtained through the invasive method using
Electrocorticography (ECoG) and non-invasive means of electroencephalography (EEG) [17].
The non-invasive method goes back to 1929 when German physiologist and psychiatrist Hans
Berger recorded the first human EEG brainwaves while sleeping [18].
An electroencephalogram (EEG) is a popular non-invasive method for measuring electrical
activity in the brain due to its easy setup and accessibility in the market. EEG signals have high
temporal resolution and are relatively easy and cost-effective for acquiring data from the brain.
Therefore, they are often used for BCIs, as opposed to other methods [19]. In addition, EEG
systems do not include radiation or medical operations; they are known as safe, rapid, and
inexpensive tools for recording and viewing brain signals [20].
Brain activity recorded via EEG can be typically classified into five main types [21], [18],
[22]. Delta occurs in deep sleep, not moving, not attentive. Theta frequency comes out related to
creativity, deep meditation, dreaming. Alpha frequency enhances the sense of relaxation. Beta is
5

seen in connection with who is alert and in the state of attention and wakefulness. Gamma waves
are strong when people have heightened perception [23].
In the literature, regarding attention mostly Alpha and Beta values with different variations
are studied. Alpha activity recorded from the sensorimotor region is known as µ (mu) activity [19],
[24] which corresponds to the attention. Similarly, the Beta frequency band is related to the stayed
focus [23] [24]. Signals from these different bands coupled with neurofeedback technology can be
used to help treat ADHD as an effective, non-invasive, and side-effect-free alternative [25]. In the
current study, we will examine Alpha and Beta frequencies to explore the attention level of
subjects.
Table 1. Brain wave frequencies with their characteristics [23]
Type

Freq.

Wavelength

Behavioral-

(Hz)
Delta

Location

Psychological State

1-4

Deep rest, dreamless,

Frontally in

sleep

adults,
Posteriorly in
children

Theta

4–8

Light sleep, Deeply

Thalamic region

relaxed

Alpha

8 - 12

Creativity, daydream,

Frontal and

calm, attention

Posterior
Regions

(table cont’d)
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Type

Beta

Gamma

Freq.

Wavelength

Behavioral-

Location

(Hz)

Psychological State

13-30

Alert, active thinking,

Frontal and

focus, concentration

Parietal

Combination of

Somatosensory

senses

cortex

30100

2.2. Emotiv EPOC+
In marketing, there are various EEG devices for researchers ranging from medical treatments
to modern (BCI-based) video games. Some cost-effective ones (such as Emotiv, NeuroSky, and
Mindo) allow users to record and save raw brain waves, to see real-time emotional states, and to
control games.
The Emotiv EPOC+ headset comes with a 14-channel device, the charging cable, a package
of saline solutions, and a USB EEG receiver dongle for wireless connection. The Emotiv
electroencephalography system, which has all of the benefits of EPOC+ in addition to access to
raw EEG data, has multiple channels, making it useful for applications requiring signals from
multiple brain areas, and as a choice tool used in research. The device is shown in Figure 2.1a [1].
The 14 EEG channel names based on placement on the head are: AF3, F7, F3, FC5, T7, P7, O1,
O2, P8, T8, FC6, F4, F8, AF4 (Figure 2.1b).
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The headset is about ten times cheaper than a clinical-grade EEG system. Additionally,
although it requires a sterile saline solution for coating the probes to increase their sensitivity [14],
[26], it does not need a conductive gel compared to such a device that required the injection of gel
before operation [27]. In this respect, as it is portable, inexpensive, and available in marketing with
its software, we choose to use the Emotiv EPOC+ EEG headset.

(a)

(b)

Figure 2.1. (a) Emotiv EPOC+ EEG Headset, (b) its sensor locations
2.3. ADHD
Attention is defined by William James, a 19th century philosopher, and psychologist, as “the
taking possession by the mind, in clear and vivid form, of one out of what seem several
simultaneously possible objects or trains of thought. Focalization, concentration, of consciousness
are of its essence” [28].
Attention-deficit hyperactivity disorder (ADHD), previously known as attention deficit
disorder (ADD), is a disorder that has been internationally recognized as a serious medical
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condition with long-term outcomes [29]. It is characterized by “developmentally inappropriate”
deficits in “attention, impulsivity, and in some cases hyperactivity” [15], [30].
ADHD is a common childhood disorder estimated to affect 5 to 11 percent of people in the
United States, and approximately 5 percent across the world. Since this disorder, which is common
in childhood, does not have a definitive treatment, it continues in adulthood in many people.
However, it can be controlled with some treatment methods [31]. Recently, besides medical
treatments, the tendency towards alternative treatment methods has increased. These are
psychotherapy, family education, music therapy, video games [30] , and neurofeedback, which is
a considerable alternative treatment for ADHD [32].
In a book about using music for therapy and biofeedback, therapist Miller (2011) defines
frequency bands of EEG signals. He specifies “Alpha” signals as having a brainwave frequency
between 8 and 12 Hz, elucidating that they are generally associated with a “light mediation” or
simply closing of the eyes along with a meditative brain state. Beta, on the other hand, is delineated
as ranging from 13- 30 Hz, and generally related to cognitive processing and performing of mental
tasks [33]. While poor performers and inattentive respondents generally show higher Alpha values
[34], they also show lower Beta values [35], [36].
Table 2. Summary of EEG Frequency Bands and ADHD [37]

Frequency Band

Delta (1-4 Hz)

Theta (4-8 Hz)

Associated feeling
states

Sleep, unconscious

Drowsiness,
unfocused

Eyes closed;
relaxed, but alert

Findings in ADHD

Mixed findings:
Increased in some
ADHD, normal or
decreased levels in
others

Increased in the
frontal and central
area, continues into
adulthood

Mixed findings:
May depend on
age, gender, or
subtype, increased
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Alpha (8-12 Hz) Beta (13-30 Hz)
Mental activity,
concentration
Decreased in
some but not all
ADHD children,
may normalize
within adults

2.4. Serious Games
There exist various definitions of the term Serious Games [5], one such definition is given by
Host’ovecky and Babušiak. They state that “A Serious Game is a computer application whose
initial intention is to combine with consistency, both serious aspects (serious) such as teaching,
learning, communication or information, with playful springs from the video game” [21].
Considering these purposes and advances in technology, Serious Games have been applied in
many fields including well-being, training, advertisement, education, health care [38].
Application of serious health games may include health screening, diagnosis and care,
psychological education and prevention, and treatment [38]. Serious Games can provide many
advantages as they can be considered as a neurorehabilitation tool for helping children and adults
with ADHD, improving their “adaptive functioning” [6], [39], [24].
In some BCIs, training systems allow for displaying live brainwave signals of patients,
showing them how well they generate neural impulses that might be considered beneficial to their
wellness [40].
In certain research, playing computer games may actually be helpful instead of destructive to
children with ADHD. How video games can help cope with ADHD isn't too difficult to grasp.
While some claim that video games that intensify ADHD symptoms with their addictive and
sensory overburden, many video games require players to concentrate on activities and focus them
on.
People, especially children, are able to develop cognitive skills and stay focused on the game
while playing Serious Games. Therefore, many Serious Games, including Tetris, are used in many
studies [41], [42]. We assume that Tetris may be a helpful video game in assisting the treatment
of ADHD considering these features.
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Tetris® is the addictive puzzle game designed by Alexey Pajitnov in 1984. The Tetris game
appears on almost every gaming platform. The aim of the game is to score as many points as
possible by clearing horizontal lines of blocks through placing a random series of Tetrominoes. It
can be controlled by a keyboard, console controller, or some other BCI devices as well [43], [44].
2.5. Background Music
“One good thing about music, when it hits, you feel no pain.”
–Bob Marley
Music as medicine was used as a clinical method for the treatment of different clinical groups.
[45].
Koelsch (2009) defined the five factors that may contribute to the effects of music therapy.
They are attention modulation, Emotion modulation, cognition modulation, behavior modulation,
and communication modulation. Music might grab and hold people’s attention naturally, and
therefore distract listeners from stimuli causing negative experiences such as pain, anxiety, worry,
sadness, so on. This pain-reducing effect of music also explains why it is used in medical
treatments including tinnitus and ADHD [46].
There exists in the literature a very limited amount of studies detailing background music that
affects people with mental disorders [8]. However, the effects of different genres of music have
been tested for different groups of people without ADHD, and they have shown benefits [9]. It is,
therefore, reasonable to assume that music may also have positive effects on people with mental
disorders.
The few studies on the effects of music on different mental disorders include studies
performed by Pauwels et al. [47], Pratt and Habron (separately) specifically for ADHD [7], [48],
and Treder et al. regarding attention [49]. For people without mental disorders or deficiencies,
11

there are many studies on the different effects of different types of music [50], [51], [52]. Some
studies have shown that music composed by Mozart (K448), Brahms, and Hayden have an impact
on brain signal patterns and have gone to length to study these impacts [53], [54], [55].
The academic study of the audio present in video games is almost entirely disregarded,
possibly because of the fact that it is not seen as containing any legitimate value in terms of
cognitive effects (apart from the gaming experience). We come to learn from studies and theory
that there are conflicting results in terms of the impact of the choice of music on attention and
performance in certain tasks. Attention and performance in the games have the potential to be
improved, though this can change in different contexts. Very few studies have been done in this
regard. However, it is reasonable to claim that music and various types of audio used in video
games can improve how players perform tasks as well as their attention levels [52].
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CHAPTER 3. PREVIOUS WORK
EEG, electroencephalogram, is a tool for imaging the brain while it is performing cognitive
activities. It uses a variable number of sensors to acquire brain signals. The sensors are settled on
the scalp or found inside a headset, and their locations are based on an internationally standardized
system. EEG studies regarding attention go back to as early as the 1980s.
Mulholland et al. cite the hypothesis of Schwartz (1979) which claims that users must pay
attention to the neurofeedback screen to be successful in a task (or game), ultimately helping in
controlling their cognitive processes. The hypothesis tested by Mulholland et al, 1983 shows their
new EEG method for discovering changes in attention [56].
(Gupta, 2018) has conducted a study to see the short-term effects of music as a stimulus that
allows improvements in cognitive functions. They noted that the effects of music on cognitive
function have not been explored. In the study, the connectivity of Alpha power and changes in
EEG data is examined using Indian classical music. One of the findings is that music enhances
sustained attention and brain efficiency directly [57].
Ozkan et al., 2018 conducted a study to examine the effects of external stimuli using Stroop
tests (visual stimulus) and binaural beats (auditory stimulus). The findings of the study show that
visual stimuli are more effective in changing mood than auditory stimuli. Since auditory stimuli
increase stress, they think it is useful to take into account their effect where auditory stimuli will
be used. Consequently, it can be said that emotions can be manipulated by speech, music, and
visual arts and that the emotions of the masses can be manipulated by these tools [58].
Serious Games
Several studies have shown that playing video games can actually be useful, rather than
detrimental, to kids with ADHD. The video game technologies were used to treat children and
13

adolescents with ADHD and for managing epilepsy [35], and also for neurorehabilitation for
treatment from stroke events and brain damage [41].
Some researchers examined the effect of 2D and 3D games regarding attention with different
methods. In the neurofeedback based 3D game study, authors claim that their proposed method is
notable for training ADHD, to assess a user's attention level in order to control the activity of the
virtual hand and use 3D animation technique [59]. Hosťovecký & Babušiak conducted a study [21]
to test the Beta power while playing 3D and 2D Serious Games and also compare them.
In marketing, there exist some commercial Serious Games to allow children and adults to
build attention. Play Attention [60] is an Interactive Learning Tool that aims to help develop and
evaluate their potential to control the attention and behavior of children and adults with ADHD.
While playing these specially developed games, sensors measure the attention level and transmit
this information back to the BCI software. Thanks to this software, the games provide instant
feedback on the player's attention level [60].
Ochi et al. studied 17 adults with ADHD, they created a BCI based serious game to enhance
attention level. Subjects played the game so-called Armis 2-3 times a week with less than 20minutes sessions. By modifying user interface components, they seek to train the brain of subjects
to keep specific patterns of brain signals considering attention. After 20 serious game sessions,
their findings indicate that this form of therapy could be beneficial as an alternative treatment for
ADHD and make the treatment fun and effective. This game helps users to develop their attention
in a way that is enjoyable and effective in their daily routines [61].
Tetris is used in some studies to investigate the attention changes in ADHD. Pire et al. (2011)
modified a Tetris game with three versions and integrated the games to a BCI system. In the pilot
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study, the authors had results showing that BCI-based Tetris games can be controlled by children
with ADHD [41].
Puzzle-like games aim to help individuals stay focused on some cognitive skills (such as
problem-solving, logical thinking, and other skills) [14]. Additionally, the game that is used as a
therapy tool should be available all the time, suitable for genders and individuals’ readiness level
[62]. Considering these criteria, in the current study Tetris is chosen as a game tool.
Music as Therapy
Background music provides various benefits in different fields. In business, music is used to
calm the customers in the stores, restaurants. In health, it is used as an alternative medical treatment
for some mental and physical disabilities [47].
In addition to the advantages of music, the detrimental influence of music on subjects is often
discussed in some cases. One is the dissertation study of Dartt (2009), who investigated the
influence of Mozart's Sonata (K.448) during play tasks on the 43 children aged 3 to 5. With no
music for the 5-minute pretest and posttest, kids were listening to the music for 5 minutes when a
video camera set up in front of them captured their facial expressions. Results of the study revealed
that pre-school children paid less attention to their assignment with Mozart music, given the fact
that Sonata is known as classical music (Dartt, 2009).
Several studies on college students have been conducted using classical music to support their
training time before an exam. The randomized control study by Keyhani and Shariatpanahi (2008)
was conducted to determine the effect of listening to short-time music on the quality of attention
and working memory. 40 medical students were allocated into the group of music and control.
While the music group listened to 15 Minutes Mozart (Sonata K576), the control group had a rest
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before their exam. Their study showed that listening to Mozart music enhanced attention and
memory [63].
Considering conflicting results, having a hypothesis if music has a positive impact on some
performances. Therefore, preferences of music might be a remarkable factor that also affects the
individuals’ task performance [52].
In literature, Mozart effects studies conducted in different areas especially memory and
attention testing [53], [50],.
In the review of Chabris (1999), Rauscher et al. (1993) found that listening Mozart improved
the performance of the subjects in a cognitive spatial task (such as paper folding and cutting). The
mean value of the scores for Mozart is in most cases higher than silence or relaxation music.
Additionally, the reviewer claim that listening to Mozart on mood has been proved in different
studies as well [64].
The study Pratt (1995), is investigated the effects of neurofeedback training with background
music on ADHD children. Two groups of children aged between 6 and 17 are involved in the
experiment. While the experimental group was listening to background music that was 100
masterpieces of Mozart, the control group had no music during training sessions. The experiment
conducted in a lab where the music was played as the experimental group entered. Both groups
had homework after music in the lab. EEG data were examined with Theta (4-8Hz), Alpha (8-12),
Beta broad (13-21), Beta narrow (16-20) Hz, and four-band ratios are computed to analyze the
relationship between bands. The group listened to music had a higher average score than the
control group [7].
In the pilot study titled “NeuroFeedback with Music For ADHD” in 2007, Miller had a
hypothesis that ADHD male subjects aging from 8 to 14, would show significant decreases in 4-7

16

Theta and raises in 12.5- 15Hz sensorimotor rhythm (SMR) or 16-20 Hz Beta frequency bands.
Another hypothesis was that the experimental group may have improved scores in their academics,
social and, domestic relationships. Studies designed based on a quasi-experimental control group
with two protocols over 40 sessions. After an interview with the 60 subjects, 38 of them were
continued the study. As a result of this study, considerable improvements noted at the analysis of
individuals, groups, and between groups but not for all subjects. The final investigation was a
combination of some musical and instructional media may be a cost-effect, accessible, and
effective safe alternative treatment protocol for ADHD whose parents are seeking non-drug
alternatives [33].
The study of [65] had an observation of more than two music types of children. The results
showed that subjects smile more, communicate, and fidget less while listening to music. They have
an improvement in school assignments. While the negative mood of students decreased, happiness
raised with background music.
In another study investigating the effect of different classical music genres on the human brain,
the researchers made 12 subjects listen to 5 different types of music including Mozart and
Beethoven for 3 minutes and examined Alpha and Beta values. While Alpha rhythm stands for
mediation (relaxing), Beta is for the attention state of the subjects. The results show that Mozart
has a more positive impact on attention rather than Beethoven. Interestingly, their average
mediation values were the highest when Mozart played [9]. However, many studies proved the socalled Mozart-effect affects the attention level in raise.
Zimmermann et al. (2019), conducted a study based on the effect of music on people with and
without ADHD. 40 ADHD and 44 healthy control individuals separated at random into two groups.
While the one listened to 10-minutes long Mozart (KV 448) via two loudspeakers, another had no
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music for 10 minutes in a room. They also used the Mozart KV (440) music to compare the results,
as lacks of literature Mozart-Effects. Their study reveals that listening to music influence
decreasing the negative mental states in ADHD and the control group [8].
The studies reviewed suggest that certain music has an impact on the subject’s performance
based on condition and study purposes. Although some side effects of some background music, its
effect in a game is needed to be explored.
It is typically used to interact with the descriptive dimension, to express emotion, and to
improve to the skill of player's skills. Although the immersive possibilities provided by
background music in computer games, few experiments have addressed their role empirically in
players' experiences.
In conclusion, despite all the studies about medical studies, using music as a stimulus to effect
on the attention is still needed to be studied and explored. Especially for Serious Games, music is
one of the main design components for the developers. However, what kind of music is
considerably effective for a Serious Game designed for people with ADHD is still questioned by
researchers. The most examined music Mozart [7] and Beethoven were chosen because of their
patterned rhythms [7], [65]. We assume that rhythms will allow subjects to regulate their attention
level while playing the Tetris Game.
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CHAPTER 4. METHOD
The purpose of this chapter is to introduce the research methodology for utilizing the data with
the qualitative method. This section provides the details of modifying the Tetris game with
different types of background music, the protocol for data acquisition, the characteristics of
participants, processes for data collection, the preprocessing of the EEG data, and feature
extraction. Figure 4.1. illustrates the outline of the proposed approach in order. Each block is
described in detail in the following sections.
Data Acquisition

Data Acquisition

Pre-processing

Pre-processing

Channel Selection

Channel Selection

Extraction of Signal Bands

Signal Filtering (1-50 Hz)

Alpha Band
(8-12 Hz)

Beta Band
(12-30 Hz)

Time Windowing

Time Windowing

Extraction of Signal Bands
(STFT)

Feature Extraction
Alpha Band
(8-12 Hz)

Feature Analysis

Beta Band
(12-30 Hz)

Feature Extraction

Feature Analysis

Figure 4.1. The Flow Chart for The Overall Approach
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4.1. Serious Game Design
Tetris is a puzzle game with various versions dating back to 1984. For this study, Tetris was
selected since it is challenging for children and requires constant attention and time management.
The modification and development of Tetris were performed on the Unity3D Game Engine. We
modified a classic Tetris game’s level and art design.
First, we kept the level of the game at 5 during the 1-minute games, where the higher the level
means the faster the speed of the following Tetris pieces. We deemed level 5 to be ideal considering
the game time and age range of the subjects. This level is fast enough that the player will lose if
they “do nothing”, and it is challenging enough to limit them from getting distracted, allowing
them to pay attention to different challenges that arise during games. It is also slow enough that
the game is not overwhelming considering the skill levels of the children.
Second, the color of the Tetris pieces—the I block, J block, L block, O block, Z block, and T
block— were changed to green (#25D366) and the background color to blue (#4267B2) so that
the player would not be distracted by the different colors of blocks. Modifications to the Tetris
game are shown in Figure 4.2.
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Figure 4.2. Modified Tetris.
4.2. Background Music and Sound Effects.
In our study, as the main objective is to explore the effects of background music, Mozart (KV
440) and Beethoven (Moonlight Sonata) were selected for the two types of experiments with
music. There is precedence in the literature for using works from these two composers, as their
works have been widely used in many studies to help control the subject’s attention or focus before
cognitive tasks [8].
Throughout all of the experiments, there were no sound effects for rewards, rotations of the
tetrimonies, or breaking of lines. However, for these experiments, subjects need a stimulus to move
from the relaxing scene to the game scene. For this, as mentioned previously, a 1-second long
“beep” sound is played 3 seconds before the end of each relax period so that the player can open
their eyes to be ready for the next game.
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4.3. Data Acquisition
After modifying the Tetris game with different music types, we created a protocol. Based on
this protocol we designed the three trials with three games. To apply the Tetris game trials, we ask
some children with and without ADHD to be a volunteer. We assembled experiment subjects
through different sources including private and public hospitals via a flyer (see Appendix D) that
we designed, and personal networks.
4.3.1. Data Collection Protocol
Our novel game protocol consists of three trials each of which consists of 3 games for a total
of 9 games. Each trial is separated into alternating periods of 4 relax sessions that are 30 seconds
each and 3 game sessions that are 60 seconds each. While the second game in trial-1 has Mozart
background music (MzBGM) and the second game in trial-2 has Beethoven background music
(BtBGM), the second game in trial-3 has no music at all (Table 3).
Table 3. Data Collection Protocol

Trial-1
Mozart
Trial-2
Beethoven
Trial-3
No Music

Pre-relax

Game-1

Relax-1

Game-2

Relax-2

Game-3

30
seconds

60
seconds

30
seconds

60s MzBGM

30
seconds

60
seconds

PostRelax
30
seconds

30
seconds

60
seconds

30
seconds

60s BtBGM

30
seconds

60
seconds

30
seconds

30
seconds

60
seconds

30
seconds

60s NoBGM

30
seconds

60
seconds

30
seconds

We followed the above protocol on children with and without ADHD. Each subject
experienced these different background music trials while playing the Tetris Games. Additionally,
we had instructed the participants to close their eyes during each relax section. Thus, so that the
participants would know when to open their eyes and ready themselves for the next game, we
added a “beep” sound-effect 3 seconds before each game.
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4.3.2. Characteristics of Participants
A total of 7 children aged between 10 and 13, two of whom have ADHD and five who did
not, took part in the study. After we went through an online training program, we had approval
from the Institutional Review Board at Louisiana State University for the experiment. A parental
consent form (Appendix C) and child consent form (Appendix B) were signed prior to the
experiments, and sample forms can be found in the Appendix.
At the beginning of the experiment for each subject, the rules of the trials, the description of
the Emotiv headset, and the order of the protocol/trials were explained in detail. With their
permission, we prepared and set up the headset on their head while they were getting familiar with
the controls of the game.
We know that all subjects had previous experience with video games and informed us as they
are Tetris players. Since the Tetris game is popular and relatively simple, subjects did not have
trouble with playing it.
4.3.3. Data Collection
In this study, we aim to explore the effect of background music on the attention of subjects
utilizing the EEG signals. 14 channels mobile Emotiv EPOC+ EEG headset was used for recording
the EEG activity and explained to the subjects what is the purpose of this device in our
experiments. Two computers were used. One was for recording data and showing real-time signals
of subjects to their parents. Another was used by the children to play Tetris games.
EEG Data were collected where the subjects were feeling comfortable. We acquired the data
from all subjects when they are at home as our BCI system is portable. They have sat in front of a
game computer and practiced the Tetris while we salinized the channels of the EEG headset.
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When subjects were ready to start the game, with start command, they started to the trial that
first part is a relaxing session and we started to acquire the EEG data at the same time. When the
player reaches the end of the trial, we stopped saving the data and were ready to save the next trial.
In this way, we saved 3 consecutive trials. However, if they needed a break, we allowed them until
they are ready for the next one.
During the data acquisition, Emotiv 3D Brain Activity Map v3.3.3.0 (see Figure 4.3a) enabled
us to visualize the connection status of each channel and also how Alpha and Beta band changes
during the game when parents also watching their children and the changes in brain activity of the
children. In addition, EmotivBCI v2.3.0 (Figure 4.3b) took part in connecting the Emotiv EPOC+
headset to the computer and checking the connectivity during the game.

(a)

(b)
Figure 4.3. Emotiv Application

OpenVIBE 2.2.0 is an open-source application providing data acquisition and saving. For data
acquisition, the Cykit Python library and Openvibe Acquisition Server (OAS) application are used
together. The settings of OAS were as in Figure 4.4c. In addition to this, all channels showed
Figure 4.4a is added to the corresponding part.
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After running OAS, the data saved as CSV file format with OpenVIBE Designer application.
The scenario for the designer is shown in (Figure 4.4a and b)

(b)

(a)
Figure 4.4. Emotiv 3D Brain Activity Map v3.3.3.0
4.4. Signal Preprocessing

EEG signals and some features are investigated regarding the attention changes over the time
of games. In the preprocessing step, we have aimed to prepare data and to facilitate processing
activities. Preprocessing involves some processes including separating games from each other,
labeling them, artifact rejection, filtering, epoching, sorting, averaging.
The game sections of Game-1, Game-2, and Game-3 are extracted at the preprocessing stage.
At each trial, the EEG data is collected for 5 minutes. The game sections of an EEG signal are
extracted and labeled after data collection as described in [66]. Figure 4.5 illustrates these game
sections.
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Each game section is labeled according to the format of <Subject Type><Subject
Code><Music Code><Game Code>. The subject type can be “R” for a regular subject or “A” for
a subject with ADHD. The Subject Code starts with “S” followed by three digits. Music Code is
assigned as “Mz” for Mozart, “Bt” for Beethoven, and “NoMsc” for no-music. The Game Codes
are “G1”, “G2”, and “G3”. As an example, AS001MzG2 is a label for the extracted section Game2 of an EED signal collected from an ADHD subject-1 while listening to Mozart. For instance, the
music data for regular children were labeled as RS001MzG2 but Beethoven Music with
RS001BtG2, and No music with RS001NoMscG2.

Game 1

Game 2

Game 3

Figure 4.5. Game Sections of an EEG Signal
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4.5. Feature Extraction
After preprocessing, a number of time and frequency domain features were derived to be used
as inputs for proposed visualizations and evaluations.
4.5.1. Time Domain Features
EEG is classified as a non-stationary time series signal, where non-linear properties are
commonly used for tasks of representation. For each game trial, feature extraction was performed
in 1-second overlapping windows of each 1-minute game period.
Time-based epoching is used to obtain information about changes in EEG data in the time
domain. Thus, EEG data is divided into time windows with a specified duration and interval, called
epochs. Interval can be used to control the overlap of epochs. The data saved 4 sample points
represent 1 epoch. Therefore, considering 128 Hz channels, there are 60 x 128/4 = 1920 epochs
with no overlapping in 1-minute games.
In our study, we used 1 second, 128 sample points, epochs, and the interval was 25% (see
Figure 4.6). This means the first window range was 0-1 second, and Epoch 2 is ranging from 250
-1250 milliseconds, 31st sample point to 159th sample point so on so forth. Ignoring the last 4
windows, all 236 windows are obtained and saved as CSV file so that later on other features can
be extracted.
Epoch 1

Epoch 2
Epoch 3
Epoch 4
Epoch 5

………
…

Epoch 236

Figure 4.6. Partitioning Samples into Windows of 1 Sec Each With 25% Overlapping
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The overlapping method is used to have more information from the data. The selection of
overlapping rate and window length are in contradiction. The best way to determine the proper
percentage and window size is that data should be plotted with different variations of the variables
[67]. Figure 4.7 illustrates how the information obtained varies with the length of the windows.

b

a

d

c

Figure 4.7. Data with Different Windows Lengths a) W= 64 b) W=128 (1s), c) W=256 (2s),
d) W=512 (4s)
To evaluate the 60s EEG data, while the length of the windows with 512 (d) gives limited
information about peaks, the one with 64 (a) is more complex to gain information. Therefore, the
size of the ideal window is 128-time steps equal to 1 second for our data.
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Degree of Fluctuation
The application provides us some time-domain features. The designer application is based on
scenarios. We created a scenario that includes a bandpass filter operation, windowing (time
epoching), feature extraction. The scenario ends with saving the features into a file for analysis.
We utilized Time-domain statistical features including Degree of Fluctuation (DF), Average
of Attention Degree (AAG), Change of Attention Degree (CAD), number of peak values of DF, and
Gaussian-smoothed features of DF for qualitative analysis of 1-second overlapping windows.
Degree of Fluctuation (DF): The DF measures the fluctuation of the EEG signal of a
designated band for a period of time called window or epoch. The DF is calculated for each 1minute game section. Given the 1-second overlapping windows’ EEG signal SOW[y] of length is
defined by (4.2), the DF is defined by (4.1)).
𝐿

(4.1)

1
𝐷𝐹 = √ ∑(𝑦𝑖 − 𝑌̅ )2
𝐿
𝑖=1

(4.2)

𝐿 = |𝑆𝑜𝑤 [𝑦]|

Average of Attention Degree (AAD): The AAD provides a mean to measure the degree of
attention during a game section. Given a set of DFs calculated over a game section DF signal
SDF[y] of length LDF = | SDF[y] |, the AAD is defined by

(4.3).

𝐿DF

1
𝐴𝐴𝐷 =
∑ 𝐷𝐹𝑖
𝐿DF

(4.3)

𝑖=1

Change of Attention Degree (CAD): The CAD provides to measure the data changes from
AAD during a game section. The CAD of DF signal SDF[y] is defined by (4.4).
𝐿DF

1
𝐶𝐴𝐷 = √
∑(𝐷𝐹𝑖 − 𝐴𝐷𝐷)2
𝐿DF
𝑖=1
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(4.4)

Peak Selection
There is no specific peak selection algorithm in the literature as pointed in [68]. The highest
DF value of four successive overlapping windows (SoW) is considered as a peak; equation (4.5)
defines a peak 𝑝𝑘𝑗 for 𝑆𝑜𝑊𝑗 = (𝑊𝑗 , 𝑊𝑗+1, 𝑊𝑗 +2 , 𝑊𝑗 +3 ), where 𝑗 = 1,2, . . , 𝐿DF − 3 . Note that total
duration of these overlapping windows is one second. The peaks represent the local maxima
amplitudes within a second.
(4.5)

𝑝𝑘𝑗 = max(𝐷𝐹𝑖 )
𝑆𝑜𝑊𝑗

Smoothing Filter
We apply Gaussian smoothing filter 𝐺 [𝑥, 𝜎] to the DF signal SDF[y]. The Gaussian window is
defined by (4.6)
1 𝑥 2

(4.6)

𝐺 [𝑥, 𝜎] = 𝑒 −2(𝜎 )

The smoothed DF signal is defined by (4.7)
𝑆̂𝐷𝐹 [𝑦] = 𝐺 [𝑥, 𝜎] ∗ 𝑆𝐷𝐹 [𝑦]

(4.7)

Figure 4.8 demonstrates the sample plot for visualized DF of EEG data. The ordinate gives
the amplitude of the signals in (mV), while the abscissa gives the number of epochs with 237 for
1-minute games.
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Figure 4.8. Sample DF data
The number of peaks, the features of smoothed DF (with a green line), Average of Attention
Degree (AAD), and Change of Attention Degree (CAD) are used to analyze how the DF (solid
blue) varies over the time a game section. (see Figure 4.8). These features allow us to evaluate the
observe the changes in data with different perspectives. While the variation of the DF is a key
point, its frequency, weight, and height amplitude values also play a key role in analyzing the DF
data. In this way, time-domain features investigated by considering the entire game. Smoothing
filter helps us to see overall changes in data over time.
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Figure 4.9. Time-domain feature extraction OV scenario
Channel Selection
Previous studies suggest that the Alpha band from the fronto-central area of a brain is sensitive to
attention and focus [69]. Some research regarding attention conducted using “AFz” [41] “Cz”
[37] channel based on the 10-20 international EEG system. As the Emotiv EPOC+ does not have
them, the most relevant or close channels are AF3, AF4, F3, F4, F7, F8. When we apply the
Pearson’s Correlation Coefficient algorithm to all channels, the most relevant channel is calculated
by (4.8) and (4.9). Given 𝑥𝑖 and 𝑦𝑖 is the time step of raw EEG signal from channel X and Y,
respectively.
The calculation of the covariance is as follows:
𝑛

1
𝐶𝑂𝑉(𝑋, 𝑌) =
∑(𝑥𝑖 − 𝐸(𝑋)(𝑦𝑖 − 𝐸(𝑌))
𝑛−1
𝑖=1
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(4.8)

Pearson's Correlation Coefficient can be calculated as follows:
𝑃(𝑟) =

𝐶𝑂𝑉(𝑋, 𝑌)
𝑆𝑇𝐷(𝑋)𝑆𝑇𝐷(𝑌)

(4.9)

Correlations of -1 or +1 imply an exact linear relationship of variables. therefore, we used
Pearson’s coefficient correlation for channel selection by calculating each channel’s correlation to
each other. The calculation showed that the channel “F3” is more suitable to gain information from
all subjects.
4.5.2. Time-Frequency Domain Features
Temporal (Band-pass) Filter
In this study, Band Pass filter (Butterworth) is applied to raw EEG data. The filter order is
which is the ideal for 4, is used. Each frequency band has a low cut and high cut frequency in Hz.
Therefore, selected channels EEG was passed through the filter and consequently two frequency
ranges which are Alpha (8-12) and Beta (12-30) [70].
Short-Time Fourier Transform
The STFT method measures frequency features at local time intervals of a period enabling the
EEG signal to match a two-dimensional time-frequency domain [2], [71]
The spectrogram is the most commonly used method of time-frequency domain analysis of
the signal. This is achieved by applying the Short-Time Fourier Transform (STFT) to a signal and
then transforming it into a two-dimensional frequency and time function. Band bass filter might
be applied to remove some artifacts, such as eye movements, high noise. To compute the STFT,
the signal is partitioned into many windows (segments) of short-term signals by moving the time
windows with some overlapping, “Time based epoching” in Figure 4.10. A window function,
mostly a Gaussian or Hann, is applied to preserve the continuity between the start and the last
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points in the frames which can avoid the spectrum leakage effect. Fast Fourier Transform (FFT)
is then computed to obtain each local frequency spectrum in each window.
The amplitude spectrum density 𝐹𝑛 (𝑤) of a 𝑓(𝑚 + 𝑛𝐿′) at time m. The general STFT equation
is given by equation (4.10).
𝐿−1

2𝜋

𝐹𝑛 (𝑤) = ∑ 𝑓(𝑚 + 𝑛𝐿′) 𝑔(𝑚) e−j 𝐿 𝑤𝑚

(4.10)

𝑚=0

where m = 0,1, …., L-1
Starting with the frequency spectrogram at time 𝑚.
Given 𝐿 is the window length (1 second = 128-time steps), 𝐿′ is the moving step of the time
window (0.25 %), 𝑔(𝑚) is the window function (Gaussian) of with size of L. To satisfy the
overlapping, 𝐿′ should be smaller than L to make overlap between time windows.
The power spectrogram density 𝑆𝑛 (𝑤) is defined by (4.11)
𝑆𝑛 (𝑤) =

1
|𝐹 (𝑤)|2
𝐿 𝑛

(4.11)

This step is performed to precisely capture the temporal signal patterns and changes in Figure
4.11. STFT, overlapping windows of FFT, applied via OpenVIBE designer application. As the
application runs based on the scenario, we created the following scenario (see Figure 4.10).
Appling the STFT for Delta, Theta, Alpha, SMR (lower Beta 12-15 Hz), and Beta frequency bands.
All bands are saved in CSV file format. Only Alpha and Beta is used to analyze all raw EEG data
from the subjects.
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Figure 4.10. The scenario of STFT in OpenVIBE Design Application
STFT can give different results on problems with the spectrogram resolution. In the choosing
of time resolution and frequency resolution, there is a conflict. Big window length produces better
frequency resolution but low time resolution whereas narrower window length brings better time
resolution but poor frequency resolution. A better visualization in the spectrogram can be
accomplished by choosing the correct window size and overlap [67].
The results of STFT with different windows sizes N= 64 in Figure 4.11a, N= 128 in Figure
4.11b, N= 256 in Figure 4.11c, N= 512 in Figure 4.11d, via Python SciPy Library, can be seen in
Figure 4.11. It shows how the resolution changes in our Mozart Game 2 EEG data based on time
and frequency. With the same library, the condition of “Constant OverLap AA” might be checked
whether the chosen window size and overlap percentage are satisfied. If it satisfies, that returns
“True”, STFT is applied to the EEG data with desired values.

35

b

a

d

c

Figure 4.11. FFT with different windows sizes a) N = 64 with 25% overlap b) N = 128 with
25% overlap, c) N = 256 with 25% overlap, d) N = 512 with 25% overlap
In summary, the application of STFT steps are as follows,
•

Decide the short window (N= 128)

•

Decide the percentage of overlap between epochs (%25)

•

Decide a windowing function (Gaussian)

•

Apply the FFT to each overlapping windows
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CHAPTER 5. RESULTS AND DISCUSSION
5.1. Results
Specific Aim 1
Our Specific aim-1 is to examine how different music types affect the subjects’ brain signals
independent of their mental health.
In the first two trials, the second games have music, whereas in the last trial, there is no music.
Therefore, this protocol allows us to interpret the effect of Beethoven’s Music and Mozart’s Music
separately by comparing the music session to the no-music session (see Table 3). The changes in
Alpha and Beta band of the brain signals in channel F3 are computed and analyzed.
Table 4 and Table 5 demonstrate how the degree of fluctuation (DF) changes in respective
Alpha and Beta band groups during the time of Game2 (G2). Each box in the tables displays the
information of the DF, smoothed DF, the position of peaks over the 237-time epochs, and the
extracted (from DF) features of AAD, CAD, and the number of peaks.
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Table 4. The Effect of Music Genres Explored in the Alpha Band of Channel F3. In subjects A represents ADHD, R represents Regular
children without ADHD, S is the subject number. The ordinate gives the amplitude of the signals in (mV), while the abscissa gives the number
of epochs, where one second consists of four epochs.
SUB

BEETHOVEN

MOZART

AS1

AS2

(table cont’d.)

38

NO MUSIC

SUB

BEETHOVEN

MOZART

RS1

RS2

Data does not exist.

(table cont’d.)

39

NO MUSIC

SUB

BEETHOVEN

MOZART

RS3

RS4

(table cont’d.)

40

NO MUSIC

SUB

BEETHOVEN

MOZART

RS5

41

NO MUSIC

Time-based changes in the Alpha band can be seen in Table 4 for the second games of each
trial (Beethoven music, Mozart music, no music) per subject. (Table 6 will show time-based
changes in the Beta band.)
From Table 5, it can be seen that for AS1 (subject 1 with ADHD), Beethoven (Bt) music
produced more fluctuations with higher peak values than Mozart (Mz) and No Music (NM). The
lowest amplitude of peak values can be seen in NM. In contrast, the highest peak values appeared
in NM for AS2. Whereas the DF data for Bt and Mz follow almost a similar pattern, the Bt peak
values are higher. Although the number of peaks of AS1 and AS2 for NM is equal (34), both
subjects have the lowest number of peaks for Bt.
The rest of the subjects have quite different patterns for different music types. For example,
for subjects RS4 and RS5, the effect of Mz can be seen clearly: it reduced Alpha signals more than
Bt did. Bt caused brain signals to oscillate more frequently in the R1’s Alpha band. All three types
(Bt, Mz, and NM) show a similar pattern for RS3 yet Bt had the highest number of peaks with 38,
with Mz having the least peaks (33) over the entire length of the game. Since the Bt for RS2 is not
available, we only consider Mz, which has a similar pattern to RS5 with 33 peaks.
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Table 5. The Effect of Music Genres Explored in the Beta Band of Channel F3. In subjects A represents ADHD, R represents Regular child ren without ADHD, S is the
subject number. The ordinate gives the amplitude of the signals in (mV), while the abscissa gives the number of epochs, where one second consists of four epochs.
SUB

BEETHOVEN

MOZART

AS1

AS2

(table cont’d.)

43

NO MUSIC

SUB

BEETHOVEN

MOZART

RS1

RS2
Data does not exist.

(table cont’d.)

44

NO MUSIC

SUB

BEETHOVEN

MOZART

RS3

RS4

(table cont’d.)

45

NO MUSIC

SUB

BEETHOVEN

MOZART

RS5

46

NO MUSIC

Table 5 reveals changes in the Beta band signals for the second games of each trial (Bt, Mz,
NM) per subject. The overall results of Beta-band patterns are similar to the Alpha band patterns
corresponding to the subjects and music types.
Considering AS1’s Beta band values, the brain waves varied from the beginning to the end of
the game. The game where Bt music was played had higher amplitudes compared to Mz. Bt also
had higher fluctuations than Mz, which in turn had higher fluctuations than NM. This is also the
case in the number of peaks for the smoothed DF. On the other hand, AS2 followed the converse
trend from AS1 when it comes to fluctuations and the relative number of smoothed peaks:
fluctuation and the number of smoothed peaks were higher for NM, followed by Mz, followed by
Bt with the lowest. It can be seen that Mozart has a similar effect on both AS1 and AS2 children
because of the Beta band of EEG data.
When it comes to regular subjects, all had an improved performance (higher beta values) with
Mz music except for RS1 who had minor variations in each type of music. As the DF data for RS2
Bt music is absent, this is not taken into account. Similarly, Bt and Mz music had the highest effect
among regular subjects on RS4, with a CAD around 5 and 15, respectively, and the CAD of NM
values are the third-highest with approximately 2.5 amplitude value.
Detailed information about Game2 was given in Table 4 and Table 5. Descriptive statistics
(AAD and CAD) for the entire data combined is provided in Table 6 for the purpose of further
analysis of our first specific aim. Figure 5.1 shows AAD values of DF data in bar-graph form, and
further splits the mean of the subjects with ADHD from the subjects without ADHD, allowing for
comparison between the two.
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Table 6. Average of Attention Degree (AAD) values of the DF data from Game-2 for all subjects

AS1
Beethoven

Mozart

No Music

AS2

RS1

RS2

RS3

RS4

RS5

Mean

SD

Alpha

9.85

6.1

64.03

NA

2.99

11.72

2.7

16.23

21.63

Beta

8.91

8.2

9.79

NA

4.71

13.86

3.65

8.18

3.37

Alpha

6.31

4.29

4.82

8.06

2.71

19.93

9.37

7.93

5.33

Beta

7.61

5.85

6.96

9

5.82

25.57

10.3

10.16

6.47

Alpha

4.85

29.35

10.62

7.18

2.84

9

2.1

9.42

8.63

Beta

5.35

16.78

8.42

7.14

4.25

9.34

3.04

7.76

4.23

25

20.36
20

AAD (microvolts)

17.10
15

11.53
10
7.98

8.55

11.07

8.98

8.00
6.73

6.35

6.44

5.30
5

0
Alpha

Beta

Alpha

Bethoveen

Beta
Mozart

ADHD

Regular

Figure 5.1. The data in bar-graph form
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Alpha

Beta
No Music

The result of the DF data shows that games with background music have a significant impact
on the changes in brain waves compared to no music games. This can be seen in Table 4 and Table
5. The Beta values of subjects who listened to Bt and Mz music are higher compared to subjects
with NM. In contrast, the Alpha values of NM are more than both Bt and Mz data. (The Alpha
value of RS1, 64.03, is considered an outlier.)
When comparing Mozart and Beethoven music data, Mozart music has a higher amplitude of
Alpha and Beta bands than Beethoven’s Alpha and Beta.
Specific Aim 2
In the second objective, we explored which music has larger effects on both subjects with and
without AHDH.
Studies argue that music helps regulate the attention of people without ADHD, while people
with ADHD have shown different and varied responses to the music. Figure 5.2 shows the effects
of having different types of music for the second game of the trials categorized by whether subjects
have ADHD.
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25

20.36

MicroVolts

20

15

11.53
10

8.98

8.56

7.98

8.00
6.73

5.30
5

0
ADHD

Alpha Bt

Regular

Alpha Mz

Beta Bt

Beta Mz

Figure 5.2. AAD of Alpha and Beta Band Signals Categorized by ADHD Status
For subjects with ADHD, both the Alpha values and the Beta values in the game with Bt music
were higher than in the game with Mz music. For subjects without ADHD, Alpha values in the
game with Bt music were higher than in the games with Mz music, but beta values were lower
with Bt than with Mz (opposite from kids with ADHD).
In Table 7, the color map from 8 (purple) to 30 (yellow) indicates magnitude changes in the
frequency range from 8 - 50 Hz. Therefore, we can observe the results for Alpha (8-12 Hz) and
Beta (12-30). The ordinate gives the frequency of the EEG signals in (Hz), while the abscissa gives
the number of epochs, where a one-minute game consists of 237 epochs or windows.
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Table 7. Channel F3 STFT Beethoven and Mozart Music Comparison Figures in G2s. In subjects A represents ADHD, R represents Regular children without ADHD,
S is the subject number.
SUB

BEETHOVEN

MOZART

AS1

AS2

(table cont’d.)

51

SUB

BEETHOVEN

MOZART

RS1

RS2
Data does not exist.

(table cont’d.)

52

SUB

BEETHOVEN

MOZART

RS3

RS4

(table cont’d.)

53

SUB

BEETHOVEN

MOZART

RS5

54

Table 7 shows the time-frequency domain features. The table allows us to see the frequency values
for each window. This way, we can compare the effect of two different music on the frequency values
of raw EEG data. Our second specific aim is to explore which music is more effective on children with
and without ADHD.
As for children with ADHD, the brain activity in both Alpha and Beta bands for Bt music varies
more than the Mz music over time. Between 15th and 30th seconds, while the decrease in different band
exists for Bt music for AS1, AS2 experienced fewer frequency changes for Mz music during the same
time range.
Regular subjects show different trend changes in magnitude regarding music. As an example, For
RS1 and RS4 subjects, Beethoven music raised the Alpha band but decreased the band for RS3 and RS5.
Mozart music increased the Alpha band for RS2 and RS4 while decreasing the band for RS3. As Mozart
music increased RS3's Beta magnitude, Beethoven music increased RS1’s magnitude, both of which
raised the Beta for s4.
Specific Aim 3
Our third specific aim was to examine whether the game with music affects the attention level in
the subsequent game without music. Recall that each trial of our protocol included 3 games: Game1
with no music, Game2 with different types of background music, and Game3 with no music. By
observing the DF data for each subject split across the different games, the data differentiation will allow
us to perform a “before-after” time-based study to examine this aim. For this regard, Alpha and Beta
rhythms throughout the trials with Mozart and Beethoven music are shown in and Table 9, respectively.
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Table 8. Alpha Band to Investigate the Effect of Music in G2 and G3 compared to G1. In subjects A repents ADHD, R is for Regular children, Bt (Beethoven Music),
Mz (Mozart Music), G (Game), S is the subject number. The ordinate gives the amplitude of the signals in (V), while the abscissa gives the number of epochs, where one
second consists of four epochs.
SUB

G1

G2

AS1
BT

AS1
MZ

(table cont’d.)
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G3

SUB

G1

G2

AS2
BT

AS2
MZ

(table cont’d.)

57

G3

SUB

G1

G2

RS1
BT

RS1
MZ

(table cont’d.)

58

G3

SUB

G1

G2

G3

Data does not exist.

Data does not exist.

Data does not exist.

RS2
BT

RS2
MZ

(table cont’d.)

59

RS3
BT

RS3
MZ

(table cont’d.)

60

SUB

G1

G2

RS4
BT

RS4
MZ

(table cont’d.)

61

G3

SUB

G1

G2

RS5
BT

RS5
MZ

62

G3

The change of Alpha band values for trials containing Mz and Bt music for all games, G1, G2,
and G3, are shown in for each subject.
The Alpha values of subjects with ADHD followed different trends from each other, but both
showed consistency to each other in terms of how the effects of G2 persisted throughout G3.
•

For AS1, Bt music increased Alpha values of G2 and its effect continued to G3. Mz decreased
the Alpha values and its effect was also seen in G3.

•

As for AS2, both Bt and Mz music decreased Alpha values (unlike AS1’s Bt), with a higher
decrease with Mz music than with Bt. The effects of music in G2 persisted throughout G3
(just like in AS1).

The Alpha values of subjects without ADHD did not change much with the introduction of music
in G2. This “no change” persisted into G3, so that throughout the entire trial, the Alpha values of
subjects without ADHD remained relatively constant.
On average, the Alpha values of subjects without ADHD in the trials with Bt music is higher
than in trials with Mz music. RS1’s Bt music trial is extremely higher than the other subjects’, while
the Alpha values in the three games in the Mz trial were akin to each other. We do not have the EEG
data for Bt music of RS2. For this subject, there is a slight decrease in G3, compared to G1 for the
Mz music trial. On average, RS3 has a similar change in pattern and AAD values. Both music types
do not have a considerable effect on subjects in games for trials with Mz and Bt music. As for RS4,
Bt music slightly raised the Alpha values and the same impact can be seen after G2, as well. Because
the game with Mz had slightly higher values and fluctuations in G1, G2 in the Mz trial can be said to
have had a slight decrease in Alpha values, which continued into G3. For RS5, Bt music reduced the
Alpha values in G2, and also in G3, the opposite happened slightly in G2 and G3 for the trial with
Mz music.
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Table 9. Beta Band to Investigate the Effect of Music in G2 and G3 compared to G1. In subjects A repents ADHD, R is for Regular children, Bt (Beethoven Music), Mz
(Mozart Music), G (Game), S is the subject number. The ordinate gives the amplitude of the signals in (mV), while the abscissa gives the number of epochs, where one second
consists of four epochs.
SUB

G1

G2

AS1
BT

AS1
MZ

(table cont’d.)
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G3

SUB

G1

G2

AS2
BT

AS2
MZ

(table cont’d.)

65

G3

SUB

G1

G2

RS1
BT

RS1
MZ

(table cont’d.)

66

G3

SUB

G1

G2

G3

Data does not exist.

Data does not exist.

Data does not exist.

RS2
BT

RS2
MZ

(table cont’d.)

67

SUB

G1

G2

RS3
BT

RS3
MZ

(table cont’d.)

68

G3

SUB

G1

G2

RS4
BT

RS4
MZ

(table cont’d.)

69

G3

SUB

G1

G2

RS5
BT

RS5
MZ

70

G3

For ADHD subjects, both music types do not have a considerable effect on G3 when compared
to G1 and G2. When we analyze the fluctuations and AAD values for AS1, Mz music has more
impact than Bt music in the subsequent G3, but only slightly. For AS2, on the other hand, Bt music
slightly helped keep Beta values higher throughout G3, but Mz music had no effect persist from G2
to G3.
For patients without ADHD: the three games of RS1 show a similar pattern for both music.
However, on average, amplitudes of Bt is seen higher than Mz for all games. We do not have the
EEG data for Bt music of RS2. For this subject, there is not much significant change in the three
games according to the Mz music trial. As for RS3, when comparing changes in G3s to G1s, Mz is
more effective music in terms of having its effects persist into G3, but if we look at G3 of Bt and Mz,
there is not much difference between the two regarding their pattern and AAD values. For RS4, when
we compare G3 to G1, Bt has more impact on players’ Beta values. Both music raised the Beta in
G2. While G3 after Bt still remained at the level of G2, G2 with Mz music did not affect the next
game as much as Bt. The patterns of the three games in both Bt and Mz trials for RS5 have almost
the same fluctuation patterns. When it comes to AAD values, Mz in both G2 and G3 is slightly higher
than Bt.
Figure 5.3 summaries and Table 9 regarding the persistence of the effects of music from G2 into
G3, our third specific aim.
Considering all results, it is clear that music effects on participants are seen when the DF data is
analyzed. Table 4 and Table 5 show that no music has a dissimilar effect on children with ADHD.
However, Beethoven music increased both Alpha and Beta values rather than that of Mozart music.
Game with Mozart increased the Beta values of regular children than games with Beethoven and No
music, while it is experienced with a mixed trend in the Alpha band. Once the trials with music are
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examined (from and Table 9) for subjects with ADHD, it can be observed that Mz music slightly
decreased the Alpha and Beta values in the following game. When it comes to children without
ADHD, Bt music is generally seen to keep Alpha and Beta values stable throughout the
following game, whereas Mz music has remarkable impacts with different levels of increases and
decreases.
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Figure 5.3. Before-After AAD values for Alpha and Beta bands
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G3

5.2. Discussion
From previous studies, it is known that a decrease in Alpha values and an increase in Beta
values means that there is a considerable increase in attention for people without ADHD. This is
not necessarily true for people with ADHD, because studies showed conflicting results. Initially,
we assumed that music might increase the attention level while subjects play the game with music.
Our study is mostly qualitative in design. To analyze the EEG data, we used both plots such
as Table 4 to interpret the DF data regarding the peaks and fluctuations over the game. At the same
time, average values are used to have an overall result for further analyses.
When the Beta signals of AS2 (see Table 9) is evaluated, the desired wave pattern was
captured at G2s (though AADs are lower in G2s), whereas the AAD values in G1s are higher.
Therefore, we displayed the fluctuations of the signal over time in Table 4, Table 5.
Game design
To our knowledge, there is no known standard game or music for use in attention studies. As
we discussed in the previous works section, some studies have modified the Tetris game, which is
considered an effective tool in such studies for performing and gauging cognitive tasks.
Additionally, music studies show that different music affects the attention of people without
ADHD differently, and there is as of yet no study performed that pinpoints a consistent effect for
people with ADHD, as there are very few studies in this regard.
Attention may change over time depending on different stimuli such as color, size, movement,
and audio. Therefore, modifying the Tetris game, we aimed to reduce the number of different
stimuli in the gaming environment.
On the other hand, music is used as therapy for people with mental health problems [72]. In
this study, we aimed to examine whether music has a significant effect on people with and without
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ADHD. Therefore, we needed to design a novel protocol. According to the protocol, we added the
Mozart and Beethoven music for two trials, while a third trial did not have any background music.
The difficulty of the game was also an important issue so that the game was applicable to all
subjects. We kept the level stable at 5 which is ideal for the children with and without and ADHD.
Once the game was explained to all participants before each trial, they did not have a
noticeable problem during play. The only issue for some was that they experienced slight
discomfort from the EEG headset and asked to take a break for some rest. After their break, we
continued our experiments.
Data collection
We had a small sample size for the study experiment. Although we solicited many private and
public psychology departments that are helping ADHD children to assist us in finding participants
for our study, we did not get much response. We were suggested to contact parents through
personal networks. Consequently, we had two children diagnosed with ADHD.
Data collection was not a big problem for regular children; however, children with ADHD
gave some hard time during experiments because of their hyperactivity disorder. We asked for the
parents to remain with the children, and they helped us in these moments when the children lost
focus on playing the game. Additionally, both children with and without ADHD experienced slight
discomfort from the EEG headset and some asked to take a short break for some rest.
Aim results
As some studies discussed the change in attention related to the Alpha [57] and Beta band
values of the EEG signals, [7], [73]. Alpha waves are prevalent when the mind is in a calm and
relaxed state of consciousness or a meditative state. Beta waves, in comparison, are prevalent in
the alert state where the subjects pay attention to cognitive tasks and physical activities.
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Studies claim that music increased the Beta value while decreasing Alpha for people without
ADHD, while the results for subjects with ADHD are varied according to some studies (see Table
2).
Alongside this, some music is known for having specific impacts on people [51], [8] However,
studies with music as a therapy for ADHD are few in the literature. To our best knowledge, there
is no study exploring the use of different background music during a Serious Game on children
with and without ADHD.
Assessing our case for all kinds of subjects’ DF data, we will analyze results based on 3
specific aims.
Specific Aim-1 Analyses
In the first specific aim, we explored the effect of music on all subjects regardless of their
ADHD status. The results of the study show that the games with music decreased the alpha while
increased Beta values in comparison with No music sessions (see Figure 5.4). We consider the
Alpha value of RS1 with Beethoven music, 64.03, as an outlier for the data. We ignore the outlier
value when evaluating the data with music for our first specific aim because it is an unexpected
value for regular children regarding previous studies [9] and our experiments.
Specific Aim-2 Analyses
In the second specific aim, we explored which type of music more effective on all subjects
based on frequency bands categorized by ADHD status Figure 5.2. Comparing music genres, our
study has shown that Mozart music has lower alpha values more than Beethoven music in children
with ADHD Table 4, but Beta amplitude values of Bt music is higher than Mz Table 5. Beta values
of Mozart music is seen higher in regular children.
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There are a limited number of studies in the literature that compare the effect of Beethoven
and Mozart music on attention. Ramdinmawii and Mittal investigated the influence of different
music genres on Alpha and Beta brain waves pattern and their result showed that both alpha and
beta values of Mozart music were found higher than Beethoven music [9]. Our results confirm the
aforementioned study regarding Alpha and Beta values of regular children.
Different types of music can have varying effects on different people. Preference can play a
role here. For some, more arousing music may be more beneficial or preferred and may help
improve their focus more. For others, less arousing music may be preferred. As a third option, the
level of arousal may not even be the main factor [52]. However, all of this is beyond the scope of
this study. However, the outlier subject, RS1, showed far higher values for the Beta band. We
assume that the preferences of RS1 might cause an unexpected experience for Beethoven music.
Specific Aim-3 Analyses
Attention is related to Alpha and Beta band values changes during the time [74], [75].
However, attention may also vary from case to case.
In the third specific aim, we explored whether the game with music affects the attention level
in the subsequent game without music. There exist some music studies on whether music also has
an effect on the next assignment or cognitive tasks. One study [63] showed that After a short time
(15 minutes) music listening, improved the attention and memory performance of the subjects.
However, our result regarding attention shows that while some regular subjects affected by Mz
music, some did not affect and experienced different levels in Alpha and Beta bands. On the other
hand, Bt music helps children to keep their attention level stable in the next game.
As for subjects with ADHD in the current study, their Alpha and Beta band values from the
game with Mz music slightly decreased in the following game.
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CHAPTER 6. CONCLUSION AND FUTURE WORK
The aim of the study investigating the effects of background music in a serious game would
be an effective method to help children’s attention at a certain level. We modified and used Tetris
game with Mozart and Beethoven music, and No Music on those who are with and without ADHD.
As BCI tools, Emotiv EPOC+, OpenVIBE applications, and some Python libraries are used for
data acquisition. EEG data analysis is performed using Time domain features and Time-Frequency
domain features, moreover, descriptive statistics to describe the basic features of the DF data. It is
proved in the literature that Alpha and Beta band frequencies are related to attention. The effect of
music on attention investigated by changes in Alpha and Beta frequencies on the subjects.
Our final results show that music has a considerable impact on children’s attention.
As a future study, (1) the number of subjects should be increased, (2) collecting the data from
a subject more than once, (3) exploring brain activities utilizing other channels, and (4) quantitative
analysis, (5) allowing to use different game control devices such as a video game console.
In addition, allowing subjects to select background music according to their preferences might
be beneficial to test the effect of music on attention. For feature work, adaptive music can be
implemented for any Serious Games. The genre of the background music might change based on
the subject’s attention level.
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APPENDIX A. IRB APPROVAL
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APPENDIX B. CHILD ASSENT FORM

Child Assent Form
I, _________________________________, agree to be in a study to find the effect of music when playing
Tetris game. I will have some information about how to get brain signals with an EEG headset. I will wear a
headset during playing the game. I will feel free to ask you about instructions and how to play Tetris Game.
I will also ask you to help and guide me about how to wear the EEG headset. I will be sure that I
understand the instructions about game and the headset if not I will be happy to ask. I can decide to stop
being in the study at any time without getting in trouble.

Child's Signature: _____________________________ Age: ______ Date: __________________

Witness* ___________________________________ Date: __________________
* (N.B. Witness must be present for the assent process, not just the signature by the minor.)

Institutional Review Board
Dr. Dennis Landin, Chair
130 David Boyd Hall
Baton Rouge, LA 70803
P: 225.578.8692
F: 225.578.5983
irb@lsu.edu | lsu.edu/irb
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APPENDIX C. PARENTAL PERMISSION FORM
Parental Permission Form
1. Study Title: Analysis of Brain EEG Signals for Cognitive Disorders by Means of BCI-based
Serious Games with Background Music
2. The purpose of this research project is to observe the positive or negative effects of
background music on people/children with Attention Deficit Hyperactivity Disorder (ADHD).
Over a period of four months, depends on subject available time, the investigator, will allow
subjects to play Tetris game on a computer and record their brain signals with an EEG
headset, a help them regarding wearing EEG headset, and will use our protocol with the
subjects in order to save the data properly.
The headset we use is 16-channel and easy to set up. Before setup the headset, we will
have salinization of each sensor with eye solution. When it is ready, we help the subject to
wear a headset in a proper way until being sure that the headset is connected perfectly. Then
the subject will play the Tetris game without background music by having the headset with 23 minutes. After a while, the same subject will play the game with music having the headset
on their head. We will repeat this for each subject based on availability.
3. Risks: There are no known risks.
4. Benefits: Subjects will have the opportunity to have a good time with the Tetris Game. They
will have information about Brain Computer Interface systems (BCIs). The study may help
them control their attention with the Tetris game. If they buy the same headset, they can
learn how to play some games on it. The benefit to parents and relatives of the subject is to
raise awareness of how some games specifically Tetris can help the subjects to control their
attention without medicine.
5. Investigators: The following investigator is available for questions, M-F, 8:00 a.m. - 4:30 p.m.;
Dr. Jianhua Chen, Computer Science Dept., LSU, 225-578-4340, Dr. Omer Soysal,
Computer Science Dept, LSU, 225-333-8934, Fettah Kiran Computer Science Grad Student,
LSU, 346-201-0986
6. Performance Site: LSU Health Center, CS Lab, or Subjects Home
7. Number of subjects: 20
8. Inclusion Criteria: Children 10-18 years of age who diagnosed as ADHD. To participate in this
study, you must meet the requirements of both the inclusion and exclusion criteria.
9. Exclusion Criteria: People who do not meet the age range and inclusion requirements.
10. Right to Refuse: Participation is voluntary, and a child will become part of the study only if
both child and parent agree to the child's participation. At any time, either the subject may
withdraw from the study or the subject's parent may withdraw the subject from the study
without penalty or loss of any benefit to which they might otherwise be entitled.
11. Privacy: The EEG records of participants in this study may be reviewed by investigators. The
results of the study may be published, but no names or identifying information will be
1
LSU Institutional Review Board
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Sample Parental Permission Form

included for publication. The subject identity will remain confidential unless disclosure is
required by law.
1. Financial Information: There is no cost for participation in the study, nor is there any
compensation to the subjects for participation.
2. Signatures:
The study has been discussed with me and all my questions have been answered. I may
direct additional questions regarding study specifics to the investigator. For injury or illness,
call your physician, or the Student Health Center if you are an LSU student. If I have
questions about subjects' rights or other concerns, I can contact Dennis Landin, Chairman,
Institutional Review Board, (225) 578-8692, irb@lsu.edu, or www.lsu.edu/research. I will
allow my child to participate in the study described above and acknowledge the investigator's
obligation to provide me with a signed copy of this consent form.
Parent's Signature: ______________________________ Date: __________________
The parent/guardian has indicated to me that he/she is unable to read. I certify that I have
read this consent form to the parent/guardian and explained that by completing the signature
line above he/she has permitted the child to participate in the study.
Signature of Reader: ____________________________ Date: ____________________
15. For research involving the collection of identifiable private information or identifiable
biospecimens one of the following must be listed on the consent form:
Your information or biospecimens collected as part of the research, even if identifiers are
removed, may be used or distributed for future research
Yes, I give permission____________________________________________________
Signature
No, I do not give permission_______________________________________________
Signature
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